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Coastal resiliency is becoming significantly more critical to the livelihood of coastal 
communities as the frequency and intensity of storm events increases and is exacerbated by 
rising sea levels due to climate change. In October 2012 Superstorm Sandy impacted the New 
York-New Jersey area costing over $70 billion in storm damages and 147 lives lost, as storm 
surges surpassed record highs for the region. Protruding more than 100 miles into the Atlantic 
Ocean with over 1,000 miles of shoreline, Long Island is particularly vulnerable to the 
increasingly ferocious and numerous storms as well as the rising sea levels that climate change is 
generating. Suffolk County’s coastal communities need to be better prepared for future climate 
related scenarios and resiliency planning needs to include protection of public health and safety; 
reduced risk of structural and non-structural damage; and improved recovery and adaptation 
strategies. Salt marshes provide a critical line of defense for adjacent communities against more 
intense and frequent weather events due to their ability to provide natural resistance to flooding 
and protect shorelines from erosion. However, these ecosystems have historically been, and to a 
large extent remain, largely undervalued and misunderstood by the general public. This thesis 
explores how to best bring the scientific research and evidence of the value of, and the 
anthropogenic impacts to tidal wetlands to a practical level of understanding on the community 
level. By building connections between the community and the natural coastal landscape through 
enhanced participation in wetlands management and restoration, a sense of care for the local 
environment and a relationship to the value it has for coastal resiliency is more likely to develop 
among Suffolk County residents. Constructing better social-ecological systems and enhancing 
stewardship networks may significantly improve the success and sustainability of coastal 
wetland restoration and management initiatives.   
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Long Island has a unique coastal aquatic environment surrounded by three estuary systems: Long 
Island Sound, the Peconic Estuary, and the South Shore Estuary Reserve, which are managed in 
cooperation with federal, state, and local government agencies. Salt marshes are vital ecosystem 
links between Long Island’s marine and terrestrial environments. They are highly productive 
systems that provide important habitat for coastal species; support fisheries and other estuary-
related businesses; provide recreational and educational opportunities; metabolize excess 
nutrients from anthropogenic inputs; and provide carbon sequestration capabilities. The health of 
these estuarine environments is critical for the persistence of vital ecosystem services that offer a 
multitude of benefits to wildlife and humans. In fact, coastal wetland systems serve more human 
uses than any other ecosystem and are the sites of the world’s most intense commercial activity 
and population growth with approximately 75% of the worldwide human population living in 
coastal regions (Deegan et al. 2007, S42). Salt marsh systems are also essential for storm damage 
mitigation and the protection of public health and infrastructure by providing natural resistance 
from flooding through rainwater absorption, protecting shorelines from erosion by buffering 
wave action and sediment capture, as well as their capability to naturally accrete, or build up 
vertically, to contend with sea level rise trends.  
Suffolk County, NY extends over 100 miles into the ocean with nearly 1,000 miles of 
coastline and no continental land mass to buffer the impact of northward-moving coastal storms, 
making the area particularly vulnerable to extreme weather events. The surrounding salt marsh 
habitat provides a critical line of defense for adjacent coastal communities against more 
numerous intense and storms and sea level rise. However, like many coastal areas, Suffolk 
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County lost almost 40% of the wetlands that were once present in the 1950s by the time the Tidal 
Wetlands Act was put into place in 1974 (RMRC 1973; O’Connor & Terry 1972). Since the 
legislation’s enactment an additional 13% of tidal wetlands were lost according to trends analysis 
conducted during 2005 and 2008 and within the latter 13% decline, high salt marsh habitat loss 
occurred at an even greater rate (27%) than overall marsh loss (CEA 2015). This 
disproportionate trend in a larger amount of high marsh habitat loss is indicative of sea level rise, 
as conversion of high marsh to low marsh habitat occurs with more frequent inundation.  
Of the remaining 17,000 tidal wetlands owned by Suffolk County, there are 
approximately 2,500 acres of degraded and/or threatened salt marsh habitat of great 
environmental and economic significance (SC Reso. 285-2007; Sandy Task Force 67). This 
habitat is vulnerable to further loss during the coming century due to lingering impacts from 
linear grid ditching completed during the 1930s, poor water quality, insufficient sediment supply, 
increased frequency and intensity of storms, and sea level rise (NYSERDA 2018). Adverse 
trends of flooding and shoreline erosion; loss of important habitat for species of significance; 
degradation of wetland functioning and their critical ecological services; shoaling of navigation 
channels; and inundation of septic systems leading to increased nitrogen loading to ground and 
surface waters have already been documented in Suffolk County and are expected to continue as 
the climate warms and sea level rises. There is a critical need for a region-wide understanding of 
the scope, location, and character of vulnerabilities to sea level rise and increased intense and 
frequent storm events; to develop specific guidelines and measures to lessen impacts and 
mitigate loss; reduce long-term capital expenses related to such potential loss; improve decision-
making principles; and inform policy makers and local stakeholders of cost-efficient ways 
towards regional resilience for Suffolk County.  
 
3  
The term resilience has been evolving over the last decade. In the March 2012 Special 
Report: Managing the Risks of Extreme Events and Disasters to Advance Climate Change 
Adaption, the Intergovernmental Panel on Climate Change (IPCC) defined resilience as “the 
ability of a system and its component parts to anticipate, absorb, accommodate, or recover from 
the effects of a potentially hazardous event in a timely and efficient manner, including through 
ensuring the preservation, restoration, or improvement of its essential basic structures and 
functions” (IPCC 2012). The fifth IPCC report expanded the definition of resilience: “the 
capacity of social, economic, and environmental systems to cope with a hazardous event or trend 
or disturbance, responding or reorganizing in ways that maintain their essential function, 
identity, and structure, while also maintaining the capacity for adaptation, learning, and 
transformation” (IPCC 2014). In this broader concept of resilience, human systems are 
embedded within and inextricable from the biosphere. So, resilience in social-ecological terms 
can be defined as the capacity of social-ecological systems to adapt or transform in response to 
unfamiliar, unexpected events and extreme shocks (Folke et al. 2016). Specifically, in the 
context of coastal communities, resiliency can then be thought of as the capacity of social-
ecological systems in the coastal environment “to cope with disturbances induced by factors such 
as sea level rise, extreme events, and human impacts, by adapting while maintaining and 
improving their essential functions from their initial states” (Masselink & Lazarus 2019).  
In order for Long Island’s coastal communities to be resilient, they must take the 
necessary steps to ensure that the social-ecological systems in which they are embedded are able 
to adapt to and recover from the effects of coastal disturbances such as extreme storm events, sea 
level rise, and human impacts in a timely and efficient manner. Recovery and resilience must 
include ensuring the preservation, restoration, or improvement of the community’s essential 
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basic structures and functions, while achieving environmental, social, and economic well-being 
for all its inhabitants. Further, it is essential to ensure that communities are sustainable which the 
U. S. Environmental Protection Agency defines as a system which seeks to “create and maintain 
the conditions under which humans and nature can exist in productive harmony to support 
present and future generations” (USEPA Sustainability). There are challenges in describing and 
measuring interactions among the social and ecological components of systems, especially when 
trying to identify and evaluate sustainability outcomes in urban areas, where the social and 
governance characteristics of a system are many and the interactions are complex (Romolini et 
al. 2016). Suffolk County comprises a diverse range of social and ecological components and 
interactions extending from the highly populated western portion to the semi-rural east end with 
multiple levels of local government.  
On October 29, 2012, Superstorm Sandy challenged the resiliency of Suffolk County 
causing damage to more than 64,000 homes and 8,000 businesses on Long Island as storm surges 
exceeded the 100-year flood level (Sandy Task Force 1).  Numerous emergency rescues were 
necessary as evacuation routes flooded, and many residents were displaced from their homes for 
prolonged periods of time. Floodwaters also rendered many wastewater systems inoperable 
resulting in public health risks and contamination to ground and surface waters. Nearly a decade 
later the region has still not completely recovered.  
Suffolk County’s coastal areas continue to be at extreme risk of frequent inundation and 
erosion from future weather events projected to impact the area more persistently, and 
vulnerability is likely to increase due to sea level rise generated by global climate change. The 
New York State Department of Environmental Conservation Office of Climate Change cites a 
range of projections (25 to 75% likelihood) of sea level rise along New York's coast of 18 to 50 
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inches by the year 2100. In Suffolk County, many low-lying coastal areas are at risk to static sea 
level rise.  Especially vulnerable are several locations along Suffolk’s south shore that have been 
identified to be potentially inundated with a 4-foot rise in sea level (SC HMP 2020 5.4.8-15-17).  
The projected sea level rise will intensify the frequency and damage from storm-related 
flooding, thus future impacts from hurricane level storms could be greater than what occurred 
during Superstorm Sandy. The resiliency of Suffolk County’s salt marsh habitat is expected to be 
dramatically affected especially due to their current state of deterioration. Sea level rise modeling 
suggests that Suffolk County’s coastal marshes will become flooded more frequently, changing 
their ecological niche. But marshes may also have the potential to expand or migrate onto 
adjacent uplands. The extent that migration is possible, however, largely depends on land use 
and open space preservation policies.  
Healthy and rehabilitated tidal marshes can improve fish and wildlife habitat, mitigate 
vulnerability to coastal communities by buffering impacts of storms, and keep pace with sea 
level rise. Thus, there is an urgent need to identify potential restoration and migration paths of 
tidal wetlands as these are important opportunities to improve coastal resiliency. Suffolk 
County’s coastal communities rely on salt marshes for protection against implications of climate 
change, but human activities are also tied very closely to the conditions and health of these 
important estuarine systems. Much of Long Island’s salt marsh habitat exists adjacent to 
residential developments, recreational parks, golf courses, marinas, and other coastal commerce 
features (Figures 1 & 2) so comprehensive marsh management strategies are essential and must 
include public outreach and education components in their implementation. Despite the 
invaluable ecosystem services tidal salt marshes provide for coastal communities, these habitats 
have historically been, and to a large extent remain, largely undervalued and misunderstood by 
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the public. As a result, salt marsh ecosystems have been degraded due to historical impacts and 
urbanization.  
 
Figure 1. A suburban salt marsh at Smith Point County Park, Shirley, NY. 2013. Photo by Thomas Iwanejko, 
Suffolk County Vector Control. 
 
 





Public nuisance and health concerns about marsh mosquito populations during the late 
1800’s into the early 1900’s led to the historical widespread practice of grid-ditching existing 
wetlands. Increased development along the coasts led to filling of these low-lying lands for 
residential and commercial uses, as well as the construction of roads, bridges, and canals, 
causing severe wetland acreage loss (SSER CMP iv). Cross-continental travel and trading 
introduced the non-native species, Phragmites australis (Common Reed), to Atlantic coast salt 
marshes which effectively displaces native vegetation with dense monospecific stands. 
Moreover, recent studies including Drake et al. (2009), Deegan et al. (2012), and Bettez et al. 
(2015) suggest that more current anthropogenic impacts, specifically, eutrophication, or excess 
nutrient inputs from stormwater, wastewater, and fertilizers, is causing impairment of healthy 
marsh functioning and may be a driver of coastal wetland loss. Thus, the integration of public 
education, outreach, and participation in tidal wetland protection, management, and restoration 
initiatives is imperative and can have crucial implications to resiliency for coastal communities.  
Constructing better social-ecological systems and enhancing stewardship networks may 
significantly improve the success and sustainability of coastal wetland restoration and 
management initiatives. Here, stewardship refers to caring for, advocating for, conserving, 
managing, monitoring, and providing education and outreach opportunities to the public on the 
local environment (Romolini et.al 2016). This may best be achieved by bringing the scientific 
research and evidence of the anthropogenic impacts to tidal wetlands to a practical level of 
understanding on the community level. Building connections between the community and the 
natural coastal landscape through enhanced participation in salt marsh management and 
restoration can foster a sense of care for the local environment. For significant tidal wetland 
restoration and management projects to come to fruition they require government support and 
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funding but the important aspect of community engagement and involvement is necessary to 
build the socio-ecologic networks required to identify and evaluate sustainability outcomes 
especially in urbanized areas. The Mastic-Shirley area in Suffolk County, NY is a prime example 
of a uniquely complex and urbanized socio-ecological community facing significant resiliency 
challenges for long-term sustainability.  
In the following chapter, I will discuss the historical shift in values of salt marshes, the 
importance of tidal wetland ecosystem services to coastal communities, and the critical 
challenges that these habitats face. My second chapter considers efforts to manage and restore 
coastal salt marsh habitat on Long Island. In the third chapter I will analyze the social science 
aspects pertaining to shaping relationships between communities and the environment in 
building stewardship networks for coastal resilience. Finally, my fourth chapter will examine a 












CHAPTER 1: COASTAL WETLAND SIGNIFICANCE AND CHALLENGES 
 
History of Cultural Shift in the Value of Salt Marshes 
Native American populations valued salt marshes for hunting and fishing grounds (Tiner 16). 
While early European colonists also valued tidal wetlands for shellfish as well as for harvesting 
hay for their livestock, by the 1700s some farmers began reclaiming marshes for upland 
agricultural uses (Casagrande 14-16). The association of salt marshes with nuisance mosquito 
populations sparked the wide-spread implementation of grid-ditching marshes during the late 
1800s into the early to mid-1900s. The technique of hand digging ditches in grid patterns was 
utilized to effectively drain salt marshes of standing water and expose mosquitoes to predation 
by fish. The most abundant salt marsh mosquito species endemic to the Atlantic U.S. coast which 
are vectors for human pathogens such as Eastern Equine Encephalitis virus, West Mile virus, and 
Venezuelan Equine Encephalitis virus are Aedes sollicitans, Aedes taeniorhynchus, Aedes 
cantator and Culex salinarius (Rochlin et al. 2012, 221). Aedes species are a particular nuisance 
because of their aggressive biting habitats and their capability to disperse many miles from their 
hatching sites (Casagrande 17; Rochlin et al. 2012, 220).  
Grid-ditching of salt marshes accelerated into a largely accepted and widespread practice 
for mosquito control along the Atlantic coast of the U.S. as one of the many public works 
projects implemented through the New Deal federal work creation program as a response to 
social and economic pressures during the Post-World War I period. The Civilian Conservation 
Corps (CCC) was formed by an Act of Congress signed by President Franklin D. Roosevelt on 
March 31, 1933 during the depth of the Great Depression to relieve the severe condition of 
distress and unemployment in the U.S. (Fechner 130). The widespread implementation of salt 
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marsh ditching carried out by the CCC (Figure 3) was an opportunity to stabilize the economy by 
supplying a large number of manual labor jobs plus provide a public health service.  By 1938, 
99% of salt marshes between Maine and Virginia had been grid-ditched to control mosquitoes 
(Casagrande 18). However, the extensive grid-ditching caused significant alterations to the 
marsh landscapes and hydrological functioning which still plague the existing critical East Coast 
salt marsh habitat. 
 




Acceleration in population growth during the early to mid-1900’s led to the filling of 
marshes for residential and commercial development in coastal communities. Increased 
globalization and cross-continental trading introduced invasive plant species to the U.S. 
Common Reed grows rampant in upper marsh and terrestrial interface habitat throughout East 
Coast coastal wetlands and can shift the distribution and ecologic functions of high marsh native 
plant populations. Close proximity to heavily populated areas in the northeastern U.S., where 
more than 75% of the population lives near the coast, has caused degradation of tidal wetland 
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habitat due mainly to urbanization (Rochlin et al. 2012, 220). Eutrophication, or excess nutrient 
inputs, to coastal estuarine systems from human land uses comes from fertilizers for agriculture, 
commercial, and residential applications, stormwater discharges and runoff, and individual 
sewage disposal systems (cesspools and septic systems). In some instances, salt marsh habitats 
were valued at such a low level that they were transformed into landfills such as Freshkills in 
Staten Island, New York which opened in 1948 and became one of the world’s largest garbage 
dumps (Freshkills Park Alliance).  
A shift in cultural perspectives since the 1960s, however, has generated renewed 
perceptions of the positive socio-economic values of coastal wetlands. The current movement to 
restore degraded tidal wetlands reflects this shift which emphasizes the positive values of 
ecosystems against the negative perceptions associated with mosquitoes, disease, and “wasted 
land”. Scientific studies on coastal wetlands throughout the 1960s and 1970s linked them with 
fishery productivity and other socio-economic and ecological values. These studies led to the 
development and enactment of the Tidal Wetlands Act of 1974 which was implemented to put an 
end to rampant dredge and fill activities. Other Federal and State legislation to protect wetlands, 
plus local wetland zoning ordinances, provide government jurisdiction over certain uses of 
wetlands (e.g., filling, excavation, and impoundment) and require that permits be secured before 
engaging in such activities if at all (Tiner 16). Increased knowledge building on the ecological 
benefits of tidal wetlands generated a movement beginning in the late 1980s to restore, or repair 
the damage caused to them. Wetland restoration efforts persist today and are gaining ingenuity 
based on continued studies and demonstration projects. Renewed positive perceptions of tidal 




Salt Marsh Ecosystem Services  
The economic value of salt marsh ecosystems has been a point of interest for a long time. Earlier 
studies of the economics of marshes determined value by estimating the dollar harvest of 
animals. But a scientific group led by Dr. Eugene P. Odum, head of the Institute of Ecology at 
the University of Georgia and one of the country’s leading authorities on salt marshes during the 
1970s, used a novel land appraisal method that set monetary values on salt marsh features not 
previously quantified including aquaculture, wastewater treatment, and life support value 
(Webster). Dr. Odum (Figure 4), known as the father of modern ecology, pioneered the concept 
of the ecosystem which considers the natural environment as the holistic understanding of 
interlocking biotic and abiotic communities (Hataway).  According to Dr. Odum, just as 
scientific disciplines cannot be kept separate in the study of the natural environment, ecology and 
economics must also be linked to achieve a greater understanding of the values of ecosystems, or 
their ecosystem services.  
 
Figure 4: Dr. Eugene Odum and Dr. Peter Groffman in the field. 1983. Photo courtesy of Peter Groffman. 
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Salt marshes are highly productive systems that provide a multitude of resources and 
important ecosystem services for wildlife and humans. The set of ecosystem services and their 
relative importance largely depends on priorities of the stakeholders. Recently, a team of 
stakeholders and experts consisting of professionals from New York State Department of 
Environmental Conservation, New York City Department of Parks and Recreation, Department 
of City Planning, and The Nature Conservancy among other groups developed an “ecosystem 
service list” for New York marshes and defined the following categories (Propato et al. 2018): 
 Habitat  
 Nutrient sequestration  
 Recreation  
 Wave attenuation/Flood damage reduction  
 Political/Cultural/Historic value 
 General preservation of natural areas 
 
Habitat   
Salt marshes provide significant habitat for a variety of wildlife species including fin fish, 
shellfish, birds, mammals, and other invertebrates. The immense productivity of tidal wetland 
habitat is driven by the high biomass of marsh grasses. Spartina alterniflora (Smooth Cord 
Grass) and Spartina patens (Salt meadow Cordgrass) are the two dominant plant species that are 
the foundation of Long Island salt marsh ecosystems. Marsh grasses are the base of the estuarine 
food chain and are considered ecosystem engineers, meaning that they can influence or alter the 
surrounding habitat and thus affect the livelihood of other organisms (Jones et al. 1994, 1997). 
The detritus (decaying plant material) that marsh grasses produce becomes organic matter stored 
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in marsh sediment. This organic matter is rich with nutrients and minerals which then cascades 
up the food chain to provide energy to a multitude of species. Marsh grasses also filter 
stormwater runoff and take up excess nutrients thus clarifying and improving water quality, 
creating more suitable habitat conditions and enhanced natural resource and commodity 
production. 
Healthy tidal wetlands contain an abundance of native vegetation and support numerous 
nekton species important to the marine ecosystem by supplying food, refuge, and breeding 
grounds. Nekton are aquatic organisms that are able to swim in the water column, independent of 
currents or wind energy, and include finfish, mollusks, crustaceans, reptiles, zooplankton, and 
other invertebrates. Significant nekton species to the Long Island salt marsh food chain such as 
Fundulus heteroclitus (Mummichog), Fundulus majalis (Striped killifish), Cyprinodon 
variegatus (Sheepshead Minnow), and Menidia menidia (Atlantic Silverside) spend their lifetime 
in marshes while fish like Pseudopleuronectes americanus (Winter Flounder), Paralichthys 
dentatus (Summer Flounder), Tautoga onitis (Tautog), and Centropristis striata (Black Sea 
Bass) reside in marhses during juvenile stages. Salt marshes also provide important habitat 
connectivity for diadromous fish species such as Alosa pseudoharengus (Alewife), Anguilla 
rostrata (American eel), Alosa sapidissima (American Shad), and Morone saxatilis (Striped 
Bass) which migrate from open salt water into marshes to swim upstream where they seek refuge 
and reproduce in freshwater reaches of tidal stream and river systems. As the only brackish water 
turtle found in North America, Malaclemys terrapin (Diamondback Terrapin) is a key species 
endemic to Long Island’s salt marsh habitat. Juvenile terrapin reside in upper reaches of tidal 
creeks and marshes until adulthood (Ernst et al. 1994). Terrapin feed on mollusks, crustaceans, 
small fish, worms, and insects within marsh systems and nest on coastal beaches near marshes.   
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Shellfish species including Mytilus edulis (Blue Mussel), Geukensia demissa (Atlantic 
Ribbed Mussel), and Crassostrea virginica (Eastern Oyster) are found in tidal marshes attached 
to hard substrate or root structures of Smooth Cordgrass. Salt marshes are particularly important 
habitat for shellfish recruitment, settlement, and survival since the water column provides 
necessary nutrients and substrate for the larvae, which spend part of their life cycle swimming 
within the water column until settlement. Once settled and anchored down, these organisms 
extract nutrients from the water column for growth. Mussels, oysters, and other mollusks that 
filter feed clarify that water of organic and inorganic particulates creating a more suitable habitat 
for other marine organisms to thrive. Long Island’s oyster populations are capable of filtering 
approximately 900 million gallons of water every day, resulting in cleaner water and greater 
biodiversity for the local marine ecosystem which in turn improves conditions for estuary-related 
businesses and public recreation (LIOGA).  
Tidal marshes also offer important foraging and shelter habitat for terrestrial wildlife. 
Red foxes are known to hunt birds and rodents in Long Island salt marshes (Peterson et al. 2021). 
Muskrats are a year-round resident of tidal salt marshes on Long Island; they create small 
mounds on bare edges of stream banks, tops of grass clumps, or nestled within aquatic plants 
where they live. Their omnivorous diet includes the roots and stems of aquatic vegetation as well 
as mollusks, fish, various invertebrates and even turtles (NYSDEC Muskrats).  
A variety of bird species utilize tidal wetland habitat for feeding, mating, breeding, 
nesting grounds, and as a rest stop along the Atlantic Flyway. Bird colonization increases with 
proximity to salt marsh habitat (Benscoter et al. 2019) and includes various species of ducks, 
geese, herons, egrets, sparrows, and ospreys. Some bird species will feed directly on marsh 
plants or algae, while others will eat invertebrates and fish. The complexity of marsh habitat 
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structure provides a variety of niches for diverse bird species to utilize. Wading birds such as 
Ardea herodias (Great Blue Heron) and Nycticorax nycticorax (Black Crowned Night Heron) 
forage within mudflat and intertidal low marsh habitat, whereas high marsh habitat is especially 
important for other species including the threatened Ammodramus caudacutus (Saltmarsh 
Sparrow). Although Phragmites can be detrimental to native marsh vegetation distribution, there 
is evidence that it provides habitat for some bird species (Beniot and Askins 1999). 
As a top predator species, Pandion haliaetus (Osprey) rely on salt marsh habitat to hunt 
for fish and mammals and for nesting. Osprey populations declined severely throughout their 
range throughout the 1950s, 1960s, and 1970s due to the prevalent use of the insecticide, 
dichloro-diphenyl-trichloroethane (DDT), which was found to accumulate up the food chain and 
cause bird eggshells to thin and break, drastically reducing reproductive success (Henny et al. 
2010). In 1972, the United States banned the use of DDT and osprey populations began to 
recover and stabilize. Currently, Osprey pairs and their young can be found living throughout 






Through the ecosystem services of nutrient cycling and nutrient sequestration, tidal marsh habitat 
helps to create a more stable and healthier environment for wildlife and humans. Marshes can 
remove from the water column and store nutrients such as nitrogen and phosphorus in their 
biomass (above and below ground) that may otherwise lead to eutrophication of estuarine 
systems (Loomis and Craft 2010). Eutrophic conditions in which excess levels of nutrients 
accumulate in the water column encourage accelerated and abundant algae growth and 
subsequent decomposition depletes the oxygen levels in the water. When dissolved oxygen 
Figure 5: A conceptual diagram of a salt marsh food web: The dominant salt marsh species, 
smooth cordgrass is the base of the food chain – providing organic matter in the form of 
detritus (A). The detritus is consumed by plankton species (B), which is then consumed by 
small fish species, such as Striped Killifish (C), and filter feeders, such as Ribbed Mussels (G). 
From there, two additional pathways are created, where smaller fish species are valuable food 
sources for larger predatory species, like Black Sea Bass (D) and the Diamondback Terrapin 
(F). The Black Sea Bass is then further consumed by the top of the food chain – the Osprey 
(E). The other pathway of the food chain is from the Ribbed Mussels (G) who are consumed 















levels reach harmful hypoxic or anoxic conditions, significant fish kill events can occur 
(Chislock et al. 2013). Such die-offs cascade throughout the food chain and have detrimental 
effects on many other marsh organisms. Some algal blooms pose additional threats because they 
produce noxious toxins. Harmful algal blooms (HABs) such as “brown tides” caused by the algal 
species Aureococcus anophagefferens (Figure 6) have plagued Long Island estuaries for over 35 
years and have been linked with limitations on recreational opportunities, degradation of water 
quality, and destruction of economically important fisheries and aquaculture (NCCOS). 
 
Figure 6. A brown tide bloom in Great South Bay, NY. 2008. Credit: Dr. Chris Gobler, Stony Brook University. 
 
 
Denitrification, in which excess nitrogen is removed from the ecosystem and released 
into the atmosphere, is a crucial nutrient removal-mechanism of salt marsh habitat. Located at 
the interface between marine and terrestrial environments, coastal wetlands comprise a mosaic of 
interdependent habitats that facilitate microbial denitrification and anammox (Rosenzweig et al. 
2018). Bacteria that reside in marsh sediment convert nitrate (NO3), a form of nitrogen that can 
contribute to excess algae growth, into nitrogen gas (N2), which occurs naturally in the 
atmosphere. Denitrification rates can vary significantly regionally (Valiela et al. 2000) and are 
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highest during the summer season (Velinsky et al. 2017). The nitrogen regulation services 
provided by salt marshes play an important role in moderating eutrophication and preventing 
anthropogenic reactive nitrogen from being transported from terrestrial sources to the marine 
environment (Rosenzweig et al. 2018). 
Marsh environments also play an important role in the global carbon cycle because they 
have the ability to act as carbon sinks by sequestering large amounts of carbon due to high 
sedimentation rates, high soil carbon content, and burial of organic matter (Bridgham et al. 2006; 
Nellemann et al. 2009). Coastal wetlands have the capability for more carbon storage per unit 
area than terrestrial forests at an estimated 100-200 g/m
2
 per year, globally, while maintaining 
uniquely low methane (CH4) emissions (IUCN; Drake et al. 2015). This ecosystem service of 
carbon sequestration that tidal marshes provide is critical for curtailing increasing atmospheric 
carbon contributing to warming global temperatures. Thus, the preservation and restoration of 
salt marsh habitat is critical to the urgency to reduce global carbon footprints in the context of 
climate change and sea level rise. 
 
Recreation  
Healthy marsh ecosystems provide a draw for human coastal recreation activities and 
ecotourism. Wildlife viewing, boating, and fishing are cherished activities among Long Island 
residents. As previously discussed in the habitat section, Long Island fisheries rely on salt marsh 
habitat for replenishing fin fish and shellfish populations important for recreational fishing. 
Wetland preserves such as Wertheim National Wildlife Refuge in Shirley, NY include an 
education center, trails and interpretive material, as well as kayak and canoe launch access sites 
to provide residents and visitors with educational and recreational opportunities.  
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Suffolk County is currently in the process of developing a Blueway Trail Plan, which will 
make non-motorized water sports such as kayaking, canoeing, and paddle boarding more 
accessible to residents and visitors looking to waterways to enjoy the outdoors and exercise at 
the same time. A Blueway Trail is similar to a hiking trail, in that it provides suggested routes 
depending upon skill level and locations of features such as rest stops, scenic locations, and 
birdwatching opportunities. It will include wayfinding signage to help paddlers find launch 
locations and provide information such as maps, environmental educational information, and 
safety information. The Blueway Trail Plan also intends to include amenities such as restrooms, 
concessions, and parking. Links to other recreational assets such as parks, beaches, and bike and 
hiking trails as well as information and directions to nearby businesses will also be incorporated 
into the plan (SC Blueway Trail). The aesthetic and recreational ecosystem services that 
estuarine environments provide including relaxation, social interaction, exercise, and education 
contribute to overall health and well-being of coastal communities.    
 
Wave attenuation/Flood damage reduction  
Salt Marshes can protect coastal communities from storm damage by reducing wave energy and 
amplitude, slowing water velocity, and stabilizing the shoreline through sediment deposition.  
More than 50 % of normal wave energy is dissipated within the first 2.5 meters of marsh 
vegetation such as cord grass (Knutson et al. 4-5). The reduction in wave energy impacting a 
shoreline increases the potential for marsh grasses to capture and stabilize sediment through their 
above and below ground biomass. Thus, the potential for erosion (sediment mobilization, 
suspension, and transport) and coastal retreat is decreased (Knutson et al. 5). The presence of 
marsh vegetation also substantially mitigates infrastructure damage to the shoreline as relative 
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structural loss is correlated to the percent of wetland cover (Sheng et al. 2021). 
Given sufficient sediment deposition, wetlands are able to build elevation in response to 
sea-level rise, providing a buffer against climate change and coastal submergence. This service is 
especially beneficial to coastal communities that face great risks from climate change, including 
extreme weather events. Thus, coastal wetlands are a critical line of defense for coastal 
communities and provide the ecosystem services of increased public health and safety. 
 
Political/Cultural/Historic value 
Coastal wetlands are part of the history and heritage of Long Island. Native American 
populations and well as early European colonists valued coastal wetlands for hunting and fishing 
grounds (Tiner 16; Casagrande 14-16). Early colonial farmers also valued tidal wetlands for 
harvesting hay for their livestock and other agricultural uses. Cultural, political and economic 
values of salt marshes are tied to commercial and recreational estuary-related business they 
support such as boating, tourism, fishing, and aquaculture. Important commercial and 
recreational fishery species such as such as scallops, oysters, mussels, clams, flounder, black sea 
bass, and striped bass rely on the marsh for habitat and water quality benefits to support 
sustainable populations. The Long Island oyster industry alone generates over $30 million 
dollars a year for New York State (LIOGA). Long Island’s hard clam (Mercenaria mercenaria) 
population once produced more than half of the total harvest for the East Coast U.S. during the 
1970s but has since declined by 93%, destroying an entire historic industry (SC Comp. Plan). 
Preservation, management, restoration, and expansion of salt marsh habitat would improve water 




General preservation of natural areas 
Preservation of natural areas protects environmentally significant habitats, rare and endangered 
species, and scenic vistas. Residents and visitors of communities benefit environmentally, 
economically, and socially from the conservation of open space and natural areas. Preserving 
undeveloped wetland habitat provides the environmental benefits of flood and storm water 
control as well as water filtration, which protects surface and ground water resources. Economic 
benefits of preserving and rehabilitating tidal wetlands include enhanced property values, 
attraction of businesses, and enhanced tourism and travel. In terms of social benefits, the quality 
of life for residents and visitors to a community depends on the quality and character of the 
environment. Conservation and restoration of salt marshes provides scenic open spaces and 
recreation areas. These attributes help to define a sense of place, facilitating a strong 
identification of residents with their communities. The preservation and protection of natural 
areas and environmentally sensitive lands is a high priority for Suffolk County.  
 
Interacting Stresses on Salt Marshes 
Studies of coastal wetland and other systems indicate that responses to stress are not often 
linear and straightforward. The synergetic interaction of various geological, hydrologic, 
chemical, and biological processes is what drives ecological functioning of coastal wetlands to 
be healthy and highly productive. However, as we can clearly see on local and global levels, 
anthropogenic stressors can interact to reduce these functions and in extreme cases, cause 
marked system changes or collapse. Marshes can be become plagued by interacting effects of 
erosion, tidal restrictions, waterlogging, extensive mudflats and pannes (shallow isolated 
stagnant pools containing high salt concentrations), and invasive species leading to marked 
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changes in their natural ecosystem functions (SC WSS; SC Comp. Plan). Historical 
anthropogenic impacts to Suffolk County’s coastal wetlands over the last century such as those 
previously discussed (grid-ditching existing marshes for mosquito control, filling of wetlands for 
development, construction of infrastructure segmenting habitat, and displacing native species 
with human introduced non-natives, and anthropogenic eutrophication) has caused ecosystem 
degradation and loss of wetland acreage.  
 
Nitrogen 
Excess nitrogen input to coastal systems from human activities is now a serious problem with 
more than half the estuaries in the U.S. showing some level of impairment (Bettez et al. 2015; 
Deegan et al. 2012). Nitrogen inputs to coastal estuarine systems from human land uses originate 
from fertilizers for agriculture, commercial, and residential applications, stormwater runoff and 
combined sewer overflow discharges, and wastewater systems. Historically, tidal wetland 
ecosystems were not considered to be adversely affected by nitrogen loading since early studies 
suggested that added nitrogen increased marsh plant production which absorbed excess nutrients 
in plant growth as well as detritus which forms marsh peat (Deegan et al. 2007, S43). However 
recent studies, including Drake et al. (2009) and Deegan et al. (2012), which suggest that nutrient 
processing capacity of marsh ecosystems is exceeded when inputs are too high, are providing 
evidence that coastal eutrophication is in fact a driver of tidal wetland loss. While nitrogen 
loading may increase plant biomass production, it can also affect responses of plant biomass 
allocation, marsh plant composition, microbial respiration and decomposition, and geomorphic 
stability (Deegan et al. 2012, 388).  
Smooth Cordgrass, a crucial native marsh plant along the East Coast of the U.S., 
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responds to nutrient loading with increased aboveground biomass expressed as heavier taller 
shoots and as much as a third less total belowground biomass in roots and storage rhizomes. The 
resulting increased plant height coupled with fewer underground structural plant tissues causes 
these low marsh grasses along creek bank edges to fall over (lodge) and jeopardizes creek bank 
stability (Deegan et al. 2012, 388). Further, nitrogen loading may affect competition among 
marsh plant species, potentially altering relative abundance patterns and favoring species with 
less below-ground storage and thus lowering rates of peat formation (Deegan et al. 2007, S43).  
Additionally, animal species composition may be of importance when examining the 
effects of nutrient loading on wetland systems as a whole. Detritus-based aquatic ecosystems 
such as tidal marshes have traditionally been considered “bottom up” ecosystems (i.e., nutrient 
availability determines primary productivity) but recent studies suggest that marshes may exhibit 
“top-down” (species-composition driven) control at several trophic levels. Small killifish are 
abundant predators within the coastal wetland food web which prey on invertebrates that graze 
on benthic algae, but they are also omnivorous and so ingest algae, detritus, and the included 
microbial community (Deegan et al. 2007, S43). Coastal eutrophication has been shown to lead 
to increased mineralization of organic matter and decreased oxygen concentrations (de Jonge et 
al. 2002). Anoxic or hypoxic conditions within marsh creeks and ponds can result in decreased 
populations of killifish predators, thus an increase in wetland decomposers. As such, wetland 
microbial respiration and decomposition rates may be affected by top-down controls through 
trophic pathways since an imbalance in marsh species composition can affect consumption of 
plants detritus, and microbes (Bertness et al. 2004; Deegan et al. 2007).  
Increased tidal wetland decomposition rates can have potential effects on soil compaction 
and consequently, marsh surface elevation and stability. The natural tidal marsh sedimentation 
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cycles including sediment inputs and peat accumulation, as well as losses of sediment through 
erosion and peat through decomposition may be altered by nutrient loading and compromise 
natural marsh accretion capabilities (Deegan, et al. 2007, S43). Thus, excess anthropogenic 
nitrogen inputs promote a series of positive feedbacks by altering ecosystem processes leaving 
coastal wetlands more susceptible to the erosive forces of storms, sea level rise, gravitational 
slumping, and calving (Figure 7) (Bertness et al. 2004; Deegan et al. 2012). This cascade of 
changes can eventually result in deficient ecosystem functioning, threatening the long-term 
stability of marsh systems and causing wetland acreage loss. 
 
Figure 7. Calving of creek bank as a result of low marsh cordgrass. Mark Bertness. http://www.bertnesslab.com  
 
 
Climate Change & Sea level rise 
Climate change can further compound the stresses to salt marshes and, consequently, their ability 
to support a range of species and provide critical ecosystem services. The capability of marshes 
to provide shoreline protection and keep pace with sea-level rise will depend on their ability 
sustain structure and function and to accrete both vertically and horizontally. Warming 
temperatures and increased precipitation expected for Northeastern U.S. areas may increase plant 
stem density, length, and shoot biomass thereby reducing wave energy and contribute to 
sedimentation while complementary belowground biomass also supports marsh elevation 
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(Charles & Dukes 2009). However, increased soil microbial activity in response to warmer and 
wetter conditions will accelerate decomposition rates which could offset positive changes in 
marsh plant productivity (Charles & Dukes 2009). While marshes may be resilient to moderate 
amounts of warming and precipitation changes, they will also require open space unimpeded by 
human development for landward migration in order to keep pace with seal level rise.  
An increase in precipitation as well as warmer conditions during the winter months, 
resulting in more precipitation as rain and less as snow, can also increase the frequency of runoff 
events. Increased precipitation has been shown to result in higher nitrogen fluxes and lower 
nitrogen retention (Bettez et al. 2015, 1320). In addition, rising sea levels as a result of global 
climate change are sending more ocean water into streets, sewers, and homes of coastal 
communities not only when impacted by extreme weather events, but more frequently during 
high-tide flooding on otherwise-sunny days. A recent report from the National Oceanic and 
Atmospheric Administration found that the number of high-tide flood days is rising significantly 
in more than 40 coastal communities (NOAA 2018). Receding tide floodwaters also transport 
nitrogen and other excess nutrients and pollutants from upland development to marsh systems.   
 
Marine Debris & Microplastics 
Marine debris is defined as “any persistent solid material that is manufactured or processed and 
directly or indirectly, intentionally or unintentionally, disposed of or abandoned into the marine 
environment” (USC 33, 33A, 1956). It has become a prominent threat to many different aquatic 
ecosystems as it intensifies habitat degradation and suppresses ecosystem services. In salt 
marshes, marine debris is known to get trapped in tidal wrack, damage marsh grass, and can 
severely harm wildlife through entanglement or consumption (Uhrin & Schellinger 2011; 
 
27  
Viehman et al. 2011). Any type of debris or litter can ultimately end up in marsh ecosystems 
through wind, runoff, or tidal transport. Marine debris comes in many different forms including 
wood and metal from broken boats or bulkheading, fishing gear, rubber, glass, cloth paper, etc., 
but of increasing significant concern are plastics.  
It is estimated that more than 9 billion tons of plastic has been produced since 1950, with 
single-use plastic packaging representing about 50% of the global market demand (Fears 2017; 
Galloway et al. 2017). Plastics are the most abundant and persistent type of marine debris. It 
takes hundreds of years for these substances to naturally degrade and once in the environment, 
many plastics do not completely disappear but break down into smaller fragments. In salt 
marshes, the most abundant types of litter are 0-5 cm fragments of plastic (Viehman et al. 2011). 
Salt marshes act as a sink for these plastics, and release even smaller pieces called microplastics, 
defined as smaller than 5 mm (Yao et al. 2019). An important source of microplastics appears to 
be through sewage containing synthetic microfibers from washing clothes (Browne et al. 2011). 
Microplastics affect salt marsh communities in various ways and pose substantial 
problems for the environment and society. Because they are so small, microplastics affect the 
estuarine food web from the bottom up and can have harmful cascading effects. These tiny 
plastics can also absorb other toxins such as pesticides and organic pollutants, compounding the 
problem. Organisms at the base of the food chain such as bivalve filter feeders including mussels 
and oysters as well as small fish, crabs, marine worms, and birds directly consume microplastics 
floating in the water column (Khan and Prezant 2018; Piarulli et al. 2020). Once microplastics 
are ingested by marine organisms, they can get stored in their tissues and cells, introducing toxic 
pollutants to the food chain. The bioaccumulation of pollutants up the food chain wherein higher 
concentrations of microplastics are ingested in prey items can have serious negative 
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consequences for wildlife as well as human consumption of many different fishery species that 
are found in the marsh food chain. Microplastics have also been shown to have an impact on 
microbial nitrogen cycling (Seeley et al. 2020). Altering salt marsh ability to cycle, sequester, 
and remove nitrogen from the habitat, is another way that plastics can degrade the environmental 





















CHAPTER 2: WETLAND MANAGEMENT AND RESTOATION 
 
Protection, restoration, and management of Long Island’s remaining tidal wetlands habitat is 
essential to long-term resilience. Vigorous wetland ecosystems can protect shorelines from 
erosion by acting as a buffer area, absorbing wave energy, and providing natural resistance to 
storm surges and flooding through rainwater absorption. Researchers have estimated that coastal 
wetlands saved more than $625 million in avoided flood damages from Superstorm Sandy across 
the northeastern US (Narayan et al. 2016, 2). However, Long Island’s surrounding salt marsh 
habitat needs to be evaluated and improved in order to decrease vulnerability to future more 
frequent and intense weather events that are foreseen in the wake of climate change. Areas along 
Suffolk County’s South Shore have shown significant high marsh degradation during the last 
decades (CEA 2015). This is indicative of sea level rise as high marsh transforms into low marsh 
habitat with frequent inundation. Improving salt marsh conditions and providing habitat 
connectivity and pathways marsh migration are crucial to prevent and reverse marsh loss trends.  
 Addressing the past and ongoing damages to coastal wetlands is crucial for improving 
and preserving these habitats and their vital ecosystem functions and services. Wetland 
restoration efforts can reestablish tidal flows, enhance native wetland vegetation cover and vigor, 
and improve natural sedimentation (SC WSS). Prioritization of marsh management strategies is a 
complex task as it requires managers to evaluate the relative benefits of each strategy given 
uncertainty in future sea-level rise and in dynamic marsh response. Integrated marsh 
management is a comprehensive wetland restoration strategy with diverse goals including 
improved hydrology, control of mosquito populations while reducing pesticide use, reducing 
invasive plant species, and enhancing native vegetation and wildlife habitat.  
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In 2015, Suffolk County adopted a “Wetlands Stewardship Strategy” with the aim of 
making the County’s shoreline more resilient to increasingly severe seasonal storms and higher 
waters caused by climate change.  The effort focuses on improving tidal hydrology in marshes, 
encouraging marine life and healthy vegetative growth, improving natural sedimentation to make 
salt marshes better able to absorb wave energy, and controlling non-native species such as 
Phragmites australis (Common Reed) in areas where it is particularly destructive to the 
surrounding habitat. Local funding combined with more than $7 million in state and federal 
funding was secured to begin rehabilitating more than 500 acres of tidal wetlands; the ultimate 
goal is to leverage additional federal and state aid to allow the county to restore the County’s 
more than 2,500 acres of degraded coastal wetlands (Sandy Task Force 67).  Restoration efforts 
are currently underway at sites along Suffolk’s South Shore. Locations were selected based on 
their relevance to coastal resiliency, associated benefits, feasibility, and partnership with local 
stakeholders and coastal habitat managers. Integrated marsh management techniques which were 
initially tested and proved successful in a pilot project at Wertheim National Wildlife Refuge in 
Shirley, NY are to be implemented in the County’s projects. Implementation of integrated marsh 
management and comprehensive ecological restoration projects must also include the important 
aspect of pre- and post-project monitoring to ensure that the ecological goals and ecosystem 
services intended to be restored have been realized. Indicators of marsh health include density of 
native vegetation cover, abundance of nekton habitat, and populations of other marsh wildlife 
including insects and birds. (Rochlin et al. 2011; Rochin et al. 2012; Benscoter et al. 2019). 
In Spring of 2021 the Natural Areas Conservancy and NYC Parks released the Wetlands 
Management Framework for New York City which presents an innovative new vision for the 
long-term care and restoration of the City’s wetlands including preventing net wetland loss and 
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planning for new wetlands under climate change as well as improving wetland conditions 
through watershed-scale management. This 30-year framework includes recommendations on 
updating regulations to accommodate climate change provisions and to incentivize natural and 
nature-based features in infrastructure projects and planning for managed retreat from flood 
zones. The plan also recognizes the critical need for communication and engagement with the 
public on the significance of wetlands for coastal resilience. Improving public access to wetlands 
and expanding programs to educate and empower the community to enjoy and become stewards 
of their environment by participating in maintenance and restoration, is central to a more 
sustainable future (Swadek et al. 2021, 39). Suffolk County’s Wetland Stewardship Strategy and 
future restoration projects also focus on community engagement, educational programs, and 
public access in order to promote environmental stewardship and develop future advocates for 
wetland protection.   
 
Salt Marsh Restoration Case Studies 
 
Wertheim National Wildlife Refuge Restoration 
A long-term wetland restoration project at Wertheim National Wildlife Refuge in Shirley, NY 
implemented the concept of integrated marsh management which combined restoration best 
management practices with open water marsh management techniques for mosquito control. Site 
alterations to improve the existing degraded surface topology were employed at two treatment 
areas and the results were monitored before and after modifications and compared to two 
adjacent control areas. Reintroduction of tidal flows and habitat improvement and creation was 
accomplished by filling of ditches or ditch-plugging to reverse the effects historical grid-
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ditching; covering over pannes, or small stagnant isolated depressions, with soil; and creating 
new permanent pools to sustain larvivorous fish populations with smaller connector channels to 
facilitate access to larval mosquito production areas for predation (Rochlin et al. 2012, 222-224). 
The four-year post-project implementation monitoring study showed significant positive 
results (Figure 8). The treatment marshes experienced decreased mosquito production; reduced 
invasive Phragmites australis (common reed); expansion of native marsh vegetation; increased 
estuarine fish species abundance; as well as increased avian species diversity and waterfowl 
abundance (Rochlin et al. 2012, 225-228). This demonstration project validated the 
comprehensive integrated marsh management conceptual approach to ecological restoration and 
may serve as a case study for similar future projects. 
 
 
Figure 8. Restored salt marsh habitat after integrated marsh management. Wertheim National Wildlife Refuge, 
Shirley, NY, 2006. Photo by Thomas Iwanejko, Suffolk County Vector Control. 
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Freshkills Park Restoration 
The Freshkills Landfill in Staten Island, NY (Figure 9) was closed by Governor George Pataki 
and Mayor Rudy Giuliani in 2001 and the site is currently undergoing restoration. This work 
includes restoring 360 acres of wetlands and reclaiming 1,000 acres of higher elevation areas 
previously altered by landfill operations as grasslands. Grasslands provide ecosystem services 
including providing habitat and maintaining biodiversity; promoting pollination and seed 
dispersal; mitigating drought, floods, and soil erosion; protecting watersheds, and stream and 
river channels; and providing recreation and research opportunities (USDA). Grasslands can also 
be an important carbon sink with an average uptake rate of 38 g/m
2
 per year of carbon (Raczka et 
al. 2013). Reclaiming previously degraded wetlands as an alternative habitat type where 
restoration to its original state is not feasible or too costly is an innovative and strategic land 
management solution.  
The Freshkills Park restoration (Figure 10) aims to transform the area into “an 
extraordinary 2,200-acre urban park that will be a model for sustainable waterfront land 
reclamation, a source of pride for Staten Island and New York City, and a gift of open space for 
generations to come” (Freshkills Park Alliance). This restoration project is an inspirational 
example of scope and magnitude for potential ecological restoration and reclamation projects 
which will be extraordinarily important for coastal resiliency, carbon sequestration, climate 
change, and our future.  
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Figure 9. Garbage scows bring solid waste to Freshkills Landfill, Staten Island, NY, 1973. Photo by Chester 
Higgins, Jr., U.S. National Archives and Records Administration.  
 
 




Collaborative Marsh Management Efforts 
Examining circumstances, methods implemented, and lessons learned from previous salt marsh 
restoration projects can be useful in determining how to approach design, implementation, and 
monitoring for future restoration projects to improve overall marsh health and resilience to 
climate change. Suffolk County partnered with The Nature Conservancy to assemble a Regional 
Technical Workgroup of salt marsh restoration practitioners across the Superstorm Sandy-
impacted region to provide a forum for the exchange of ideas, experiences, and best practices 
regarding marsh restoration (TNC 2018). The overarching outcome of this collaborative 
experience is that learning never ends. The exchange of practical, hands-on experience through 
connecting projects and practitioners across regions is invaluable for disseminating the kinds of 
operational details that never make it to written reports or presentations but play a crucial role in 
executing successful, cost-effective projects on the ground (TNC 2018). Further, involving the 
local community in the design and implementation of wetland restoration projects can provide 
insight into the habitat values and recreational access desires for the area and fosters a sense of 
place and appreciation for the project. 
 
Nutrient Management 
Managing the levels of nitrogen from human land uses is a crucial aspect of protecting wetland 
habitat since, as previously discussed, too much nitrogen can cause a cascade of detrimental 
environmental effects to coastal marshes.  
 
Fertilizer Reduction 
Nitrogen pollution from agricultural, commercial, and residential application of fertilizers is a 
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concern in Suffolk County because of proximity to major waterbodies and sole source drinking 
water aquifers. Excess nitrates from fertilized lands can runoff into waterways or leach below 
plant root levels and into groundwater. Elevated concentrations of nitrates in aquifers utilized for 
drinking water can potentially cause serious health problems for humans and other animals (SC 
Water Quality). 
In response to environmental and public health concerns about excess nitrogen from 
agricultural fertilization, Suffolk County adopted legislation in 2004 for Cornell Cooperative 
Extension (CCE) to develop and coordinate an Agricultural Stewardship Program with funding 
made available through the County’s Water Quality Protection and Restoration Program (SC 
Reso. 1026-2004). In conjunction with Cornell University, commodity specialists, and partner 
organizations such as the Suffolk County Soil and Water Conservation District and the United 
States Department of Agriculture, CCE provides commercial agricultural and horticultural 
industries a comprehensive program of education, research, and on-farm demonstration projects. 
The Program focuses on increasing adoption of new technology and agricultural best 
management practices (BMPs) including use of controlled/slow-release nitrogen fertilizer, cover 
crops, and reduced tillage to protect water quality while maintaining a robust, viable agricultural 
industry in Suffolk County (CCE Suffolk). 
To address fertilization of home lawns/turf grass, Suffolk County Local Law 41-2007, A 
Local Law to Reduce Nitrogen Pollution by Reducing Use of Fertilizers in Suffolk County, was 
adopted in 2008 and took effect January 1, 2009. This law implemented a Countywide ban on 
fertilizer application from November 1st through April 1st since the potential for runoff and 
leaching is greatest during this time because the grass is not actively growing and is unable to 
absorb nutrients. In addition to the prohibition of fertilizer use, the Suffolk County local law also 
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includes mandating the development of BMPs for County golf courses, athletic fields, and the 
Suffolk County Farm as well as education requirements for all licensed landscapers to take a 
Fertilizer Turf Management Course and for fertilizer retail establishments to post signs (Figure 


















Figure 11. Suffolk County Fertilizer Reduction Program Sign. Suffolk County Department of Economic 







Stormwater runoff can contribute a variety of organic and inorganic contaminants to wetlands. 
When rain falls in undeveloped areas, the water is absorbed and filtered by plant and soil 
systems. However, in urban and suburban areas when rain falls onto paved surfaces the water 
does not get absorbed into the ground and instead runs off directly into surrounding waterbodies 
or is collected by storm sewer systems and is discharged to nearby waterbodies via outfall pipes. 
The stormwater carries oil and grease from roadways, animal and pet waste, trash, and other 
pollutants into the receiving waterbodies. High stormwater flows from heavy rain events can also 
cause flooding, erosion, damage to infrastructure, and damage/loss of habitat. Sediments and 
excess nutrients in stormwater runoff impair local waterways and wetlands by hindering 
recreational use, creating human health risks, and degrading wildlife habitat. Excess nitrogen 
contributed to waterways from stormwater is of particular concern because it plays a large a role 
in triggering and sustaining harmful algal blooms that have contributed to mass loss of vital 
eelgrass beds and the collapse of shellfish fisheries. Point and nonpoint source abatement and 
control with a particular emphasis on nitrogen reduction is a primary goal for Suffolk County’s 
coastal community. 
The 1972 Clean Water Act and subsequent 1987 Amendments prompted the U.S. 
Environmental Protection Agency to establish Phase I of the National Pollutant Discharge 
Elimination System (NPDES) Stormwater Program in 1990; the Phase II Final Rule was issued 
in 1999. Phase I implemented the State Pollutant Discharge Elimination System (SPDES) permit 
which requires coverage for stormwater discharges from medium and large municipal separate 
storm sewer systems (MS4s). Phase II required the inclusion of small MS4s and mandated 
municipalities with a minimum population density of 1,000 people per square mile and which are 
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located in urban areas as defined by the U.S. Census Bureau to develop and implement a 
stormwater management program containing the following minimum control measure categories: 
Public Education and Outreach; Public Involvement and Participation; Illicit Discharge 
Detection and Elimination; Construction Site Stormwater Runoff Control; Post-Construction Site 
Stormwater Runoff Control; and Pollution Prevention for Municipal Employees (SC Water 
Quality). 
Green infrastructure is a cost-effective and resilient approach to stormwater management 
that mimics the natural water cycle and can provide flood protection, improved habitat, and 
cleaner water (Vandermeulen et al. 2011; USEPA Green Infrastructure). Section 502 of the 
Clean Water Act defines green infrastructure as "...the range of measures that use plant or soil 
systems, permeable pavement or other permeable surfaces or substrates, stormwater harvest and 
reuse, or landscaping to store, infiltrate, or evapotranspirate stormwater and reduce flows to 
sewer systems or to surface waters" (USEPA Clean Water). While storm sewer systems have the 
single purpose of moving water away from the built environment, green infrastructure reduces 
and treats stormwater at its source while delivering environmental, social, and economic 
benefits. Installing green stormwater infrastructure is especially important for coastal 
communities that are experiencing more numerous and intense weather events and frequent 
sunny-day tidal flooding as they can reduce water volume and nutrient load to coastal marsh 
habitat.  
A particularly important green infrastructure approach to coastal resiliency is a living 
shoreline. This cost-effective innovative nature-based solution for coastal management 
incorporates structural components such as rocks, wood, coir logs, and geotextiles in 
combination with living organisms including native plants, mussel beds, and oyster reefs (NOAA 
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Living Shorelines; USEPA Green Infrastructure). Living Shorelines stabilize and protect coastal 
edges providing natural resilience to coastal communities while maintaining natural shoreline 
processes and expanding and supporting wildlife habitat. Benefits include wave attenuation and 
shoreline erosion control, water quality improvement, carbon sequestration, and increased 
biodiversity (NOAA Living Shorelines; USEPA Green Infrastructure). The Living Shorelines 
Act, a bill introduced in 2019 will create federal grant programs through the National Oceanic 
and Atmospheric Administration to assist state and local governments and non-governmental 
organizations in constructing living shorelines projects and to study living shoreline 
development and effectiveness to better protect coastal communities and ecosystems from 
climate change (H.R. 3115). Living Shorelines are essentially human-created wetland habitat 
and can complement salt marsh restoration and management initiatives.   
 
Wastewater Management 
Wastewater treatment plants were constructed at various locations in Suffolk County during the 
20
th
 century to address public health sanitation and water quality issues. However, the treated 
effluent from these plants still contains high levels of nutrients; nitrogen being the primary 
nutrient of concern for the coastal Long Island region. Within the South Shore Estuary Reserve 
watershed, wastewater-derived nitrogen is the dominant source (55%), with lesser amounts 
added by atmospheric deposition (31%), and fertilizer use (15%) (Kinney & Valiela 2011). 
Currently there are approximately 200 sewage treatment plants operating in Suffolk County so 
continued efforts to retrofit and upgrade existing infrastructure is crucial to protect and restore 
the healthy functioning of wetland systems (SCDHS SWP 1-57). The Riverhead Sewer District 
plant, for example, was originally constructed in 1937 as a primary treatment plant with 
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chlorination for disinfection. In 1959 it was upgraded to a secondary treatment facility with 
trickling filters and again in 2000 to include improvements such as installation of sequencing 
batch reactors and the use of ultraviolet light for disinfection (Town of Riverhead). The Bergen 
Point Sewage Treatment Plant located in West Babylon received $13.6 million from New York 
State’s Storm Mitigation Loan Program in 2014 to assist in strengthening the infrastructure for 
storm resiliency (Governor’s Press Office). In 2018 Suffolk County accepted a bid of over $187 
million to replace the plant’s deteriorating outfall pipe which carries approximately 30 million 
gallons of wastewater from the Southwest Sewer District under the Great South Bay into the 
Atlantic Ocean (Brand). 
Nutrient and pathogen contamination from unsewered housing relying on on-site 
cesspool and septic systems for wastewater disposal also pose threats to coastal marine habitat 
and resources. While a properly functioning septic system sanitizes wastewater well, it produces 
a lot of nitrate. A system with a properly functioning leach field will yield complete 
mineralization and nitrification of sewage nitrogen to highly mobile and reactive nitrate. Studies 
indicate that nitrate is the primary contaminant of groundwater underlying unsewered areas and 
that cesspool and septic systems contribute an estimated 50% of the average nitrogen load to 
receiving waters (Geary et al. 2019, 2132). On-site wastewater is the number one contributor of 
groundwater nitrogen in most subwatersheds within Suffolk County (SCDHS SWP). Long 
Island’s streams and rivers which are tributaries to the surrounding estuaries are fed by 
groundwater. Therefore, excess nitrogen from cesspool and septic systems makes its way to 
coastal wetland habitat. 
The average residential septic system on Long Island discharges approximately 40 
pounds of nitrogen per year (Reclaim Our Water). Within Suffolk County there are an estimated 
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360,000 cesspool and septic systems serving homes and more than 30,000 of these are within the 
0-25 year contributing area to surface water and have less than 10 feet separating their systems 
from the water table (SC Comp. Plan ES2-ES6). This is particularly problematic in the face of 
climate change and sea level rise which is projected to raise groundwater levels. When septic 
systems are flooded, they fail to function as designed and cannot adequately treat pathogens. 
The performance of septic systems also varies widely from site to site and locally 
administered and variably enforced regulations generally cover only the planning and installation 
of these systems and not their subsequent performance (Withers et al. 2014). Surveys and audits 
of cesspool and septic systems and their performance demonstrates that a substantial proportion 
perform poorly and may fail over time (Geary et al. 2019). A growing body of evidence linking 
antiquated cesspool and septic system discharges to water quality impairment and a correlation 
of human inputs of nitrogen from wastewater systems with salt marsh loss may help to drive 
management decisions. 
Connecting more communities to sewer districts is an ongoing effort but it is not always 
structurally feasible or cost efficient. Innovative and Alternative Onsite Wastewater Treatment 
Systems (I/A OWTS) can remove nitrogen from wastewater using fixed growth biological 
treatment and denitrification processing, reducing the total nitrogen in treated effluent by 25 – 
50% or more (SCDHS 2016 Report). The emerging I/A OWTS industry is working closely with 
Suffolk County to develop, install, and monitor I/A systems on both large (commercial) and 
small (residential) scales and is at the forefront of the movement to mitigate the harmful effects 
of human nitrogen inputs from wastewater (Clear River Environmental; Fuji Clean USA). 
Suffolk County initiated a demonstration project installing nineteen I/A units representing 
six different technologies to assess their effectiveness to meet nitrogen reduction objectives 
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during 2015 and 2016 (SCDHS 2016 Report). The project subsequently grew in scope over the 
next two years and a technology review showed that 50 provisionally approved I/A systems were 
tested (165 total samples) with a cumulative average of 18.2 mg/L total nitrogen thus meeting the 
Suffolk County Sanitary Code goal of 19 mg/L (SCDHS 2017 I/A OWTS Technology Review). 
Following the success of the pilot program, the County’s Septic Improvement Program is 
providing homeowners with grants up to $30,000 to offset the cost of replacing their existing 
cesspool or septic system with an approved I/A system (Reclaim Our Water). A Septic 
Awareness and Outreach Program has also been implemented to educate and encourage residents 
to consider upgrading their on-site wastewater systems with I/A OWTS.  
Another pilot study examining the performance of three distinct non-proprietary passive 
lignocellulose (woodchip)-based septic systems installed at the Massachusetts Alternative Septic 
Test Center and in homes across Suffolk County, NY, indicated as much as 80% to 90% removal 
of total nitrogen from influent (Golber et al. 2021). These advances in research and development 
of I/A OWTS are huge strides in the effort to mitigate nitrogen loading to the local environment. 
Public policies and regulations as well as education and outreach will need to continue to 
encourage and communicate to both businesses and homeowners that a series of incremental 
actions such as updating their obsolete wastewater treatment systems to I/A OWTS could 









CHAPTER 3: FORGING A HUMAN-WETLAND ETHIC  
 
The cultural appreciation for wetland ecosystems along the East Coast of the U.S. has waxed and 
waned throughout history. Once highly valued by Native Americans for sustenance, views of 
these environments as mosquito and disease breeding grounds and “wasted land,” in some 
instances only worthy as a receptacle for our garbage, has led to severe degradation. While these 
views have changed in more recent years due to the realization of the vital ecosystem services 
wetlands provide, positive feelings towards wetlands are predominantly limited to 
environmentalists and specific government agencies and managers. Many residents of Suffolk 
County’s coastal communities, who live in close proximity to these habitats and are largely 
contributing anthropogenic eutrophication through their everyday activities, may not see the 
values of wetlands to their everyday lives. The process of urbanization, by very definition, 
pushes out or erases much of the natural environment and replaced it with infrastructure. This is 
not just limited to the coastal communities of Long Island which are the focus of this thesis. 
Globally, “human activities have become so pervasive and profound that they rival the great 
forces of Nature and are pushing the Earth into planetary terra incognita” (Steffen et al. 2007, 
614). Geologists and the larger scientific and social science community are now referring to this 
new time period in Earth’s history as the Anthropocene.  
The Anthropocene is a new epoch in Earth’s history under consideration for addition to 
the Geological Time Scale by the International Commission of Stratigraphy (Hamilton 1). 
Following the end of the last major ice age approximately 11,700 years ago, the Holocene 
emerged as an epoch of mild and stable climate that allowed civilization to flourish. Scientists 
claim that a new epoch has since arisen and named it the “Anthropocene” because humans have 
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become a geological force contending with the natural processes of the Earth System. While 
“human disturbance of the climate system is now detectable from the beginning of large-scale 
coal burning at the onset of the Industrial Revolution…a range of indicators shows sharp and 
unambiguous human disturbance to the Earth System from the end of World War II” (Hamilton 
1-2). For this reason, some experts now date the beginning of the Anthropocene at 1945. 
Although the nuclear bomb explosions that occurred at the time did not necessarily change the 
functioning of the Earth System, the layer of nucleotides laid down in the Earth’s rock record 
marks the dawn of astounding global material expansion in the post-war decades (Hamilton 2). 
Capitalism’s remarkable post-war success promoted unprecedented global economic growth. But 
it also stimulated unparalleled long-term trends in natural resource and energy use, the 
overwhelming generation of waste material polluting our lands and waters, and astonishing 
levels of carbon emissions to our atmosphere. 
In the Anthropocene, the fate of the Earth has become entwined with the fate of humans 
and so human responsibility for the Earth must rise to another level. Aldo Leopold formulated 
the case for his “land ethic” in A Sand County Almanac during the late 1940’s; the same time 
some scientists claim that the Anthropocene began. Leopold was ahead of his time when he 
wrote in 1948: “Now we face the question whether a still higher ‘standard of living’ is worth its 
cost in things natural, wild, and free” (Leopold vii). Leopold notes that because the “land” 
(which for him includes the soils, waters, plants, and animals collectively) is viewed by humans 
as property, the human-land relation entails privileges but not obligations. His notion still rings 
true over 70 years later as humans have not yet come to grasp with a human-Earth relationship 
that will yield a sustainable future. For Leopold, the extension of ethics to the land, or more 
accurately, planet Earth, is a process in ecological evolution; it is an evolutionary possibility and 
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an ecological necessity (203-204).  
A view similar to Leopold’s can be seen in the principles of Congregation of the Sisters 
of St. Joseph based on Long Island, which focuses their work on justice and the environment. 
The Congregation has developed their own Land Ethic Statement wherein an ecological 
consciousness and acknowledgment that the land is entrusted to human care is recognized. The 
Sisters believe that humans have responsibility to the needs of Earth and thus commit themselves 
to education in modern science and the environment; to be advocates for ethical principles in the 
treatment of the Earth; and to preserve, protect, restore, and cherish the integrity, biodiversity, 
balance, and beauty of the land and all of its species (SSJ Ecology). 
While Aldo Leopold and the Sisters of St. Joseph call for an ethics of environmental 
stewardship wherein humans are responsible for the care of Earth, some contemporary ecological 
theorists have a more intricate view of the relationship between humans and their environment. 
Carolyn Merchant seeks to examine ecological consciousness by dissecting the relationships 
between the self and society in order to gain perspective on how humans confront ecological 
problems in her book Radical Ecology: The Search for a Livable World. For Merchant, the path 
to restoring the balance in human-Earth relations is also through an environmental ethic. 
However, her theoretical view of a “partnership ethic” goes further to embrace the idea that “the 
greatest good for the human and the nonhuman communities is in their mutual living 
interdependence” and is “grounded, not in the self, society, or the cosmos, but in the idea of 
relation” (Merchant 83). She argues that in order to maintain a livable world, we must formulate 
new scientific, economic, social, and spiritual approaches that will reimagine human 
relationships with nature and, in turn, transform science and society in order to sustain life.  
The idea of a mutual living interdependence between human and nonhuman communities 
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can similarly be seen in Anna Tsing’s book, The Mushroom at the End of the World: On the 
Possibility of Life in Capitalist Ruins, wherein she claims that “making worlds is not limited to 
humans” (22) and calls for a shift in attention to nonhuman shapers of multispecies worlds. Tsing 
asserts that “…shifting assemblages of humans and nonhumans…[is] the very stuff of 
collaborative survival” (20). And she seeks to prove that point in her exploration of the 
interspecies interactions between the valuable matsutake mushrooms which thrive in disturbed 
forests, the tree species that have a mutualistic relationship with the fungi, and the humans that 
forage for the forest delicacy and those that translate them into a commodity. Her examination of 
the precarious ecological entanglements between these organisms parallels the relationships 
between the estuarine species living in salt marshes affected by anthropogenic impacts and the 
humans that engage in and are affected by the activities that degrade marsh habitat or, on the 
other hand, the undertakings that seek to restore human damaged salt marshes through integrated 
marsh management and restoration.  
The inter-workings of human and nonhuman actors are what make social-ecological 
systems function and allow environmental, social, and economic benefits to culminate. This 
interconnectivity can be understood through Bruno Latour’s actor-network theory articulated in 
his book, Science in Action: How to Follow Scientists and Engineers through Society, wherein 
the natural and social worlds exist in constantly shifting networks of relationships between 
human and nonhuman actors. Similarly, Jane Bennett maintains in her book Vibrant Matter: A 
Political Ecology of Things that “an actant never really acts alone. Its efficacy or agency depends 
on the collaboration, cooperation, or interactive interference of many bodies and forces” (21). 
She claims that “there was never a time when human agency was anything other than an 
interfolding network of humanity and nonhumanity” (31) and thus sets forth her theory of “vital 
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materialism” which emphasizes “the ensemble nature of action and the interconnections between 
persons and things” (37) and further recognizes a shared responsibility for their effects or what 
she refers to as “agency of assemblages”. 
Understanding the interconnected relationships or networks of the various components or 
actors, as in Latour’s actor-network theory and Bennett’s agency of assemblages, that contribute 
to the healthy functioning of salt marsh ecosystems can inform restoration efforts on a larger 
ecological scale which inevitably includes humans as major actors. In the case of an integrated 
approach to marsh management and restoration, nonhuman elements—abiotic environmental 
factors and terrestrial and aquatic organisms—and human actors—natural resource managers, 
scientists, public agencies and stakeholders, and coastal residents—form an assemblage that 
must actively engage and work together in order to realize the successful implementation of an 
urban environmental stewardship project. Merchant’s partnership ethic, Tsing’s theory of 
collaborative survival, Latour’s actor-network theory, and Bennet’s theory of vital materialism 
pose important questions about human-Earth relationships and thus an ecological consciousness. 
With these ideas in mind, environmental stewardship can be considered as a cognizance and a 
sense of working with and within environmental processes; not attempting to dominate them. 
Clive Hamilton highlights the entanglements that constitute the planet in his book, 
Defiant Earth: The Fate of Humans in the Anthropocene. He discusses how in the Anthropocene, 
the “…Earth’s biogeological history itself enters a new phase, because the Earth’s history has 
become entangled with human history” (Hamilton 4-5). But while both Bennett and Tsing 
formulate an understanding of agency as distributive which therefore repudiates humans from 
power and moral responsibility, Hamilton asserts that in the midst of the Anthropocene, “human 
agency has never been more evident and pre-eminent” (Hamilton 91). By blurring the hard 
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division between subject and object we can better accept our entanglements in the world. But if 
human agency is dissolved, where does that put our intentionality and freedom? Hamilton claims 
that “however networked into the natural world we are, humans do stand out” (Hamilton 96). He 
thus calls for a “new anthropocentrism [that] acknowledges human’s unique moral status, but he 
interprets it differently. Rather than conferring entitlement to the Earth, our power imposes a 
unique responsibility for it. It elevates human specialness in order to highlight our powers and 
their dangers, and so the obligations that go with them” (Hamilton 54). For Hamilton, if we 
recognize humans’ “super agency” we can use our power to protect the Earth rather than destroy 
it. Thus, if humans have taken it upon ourselves to cause disruption in natural systems, then we 
can and should intervene to help restore the balance. This context helps us to view integrated 
marsh management as an innovative method for restoring the natural ecosystem functions of salt 
marshes that humans have historically disturbed. 
Humans’ role as shaper of the environment is not likely to be abrogated in the foreseeable 
future but our relations to the Earth System can be transformed from destructive to constructive. 
In Carolyn Merchant’s view, environmental stewardship initiatives have goals that benefit both 
the environment (ecocentric) and humans (homocentric). Integrated salt marsh management 
incorporates these two visions into one mutual cause of living interdependently—restoring 
ecological functions of degraded salt marsh habitat yields vital benefits to the environment while 
providing humans with crucial ecosystem services. Recent studies documenting integrated marsh 
management techniques that generate positive results are not only shaping the future of salt 
marsh preservation and restoration but can contribute to a growing understanding and acceptance 
of the interconnectedness of abiotic, biotic, human, and nonhuman components, thus 
transforming human relations to estuarine ecology and ultimately strengthening a more 
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comprehensive ecological worldview. Projects utilizing these methods such as the Wertheim 
National Wildlife Refuge salt marsh restoration and the Fresh Kills Park restoration are crucial 
for the future of our planet, and it is now more important than ever to reevaluate and reforge 
human relations to the environment in order to build more sustainable and resilient social-
ecological systems.  
Following these interrelated theories and views, I argue that the way to bring an 
ecological consciousness for local wetland habitats to communities is through forming an ethic 
of the natural environment; in this case, a human-wetland ethic. However, if we are detached 
physically and emotionally from our surrounding natural environment, forging an environmental 
ethic is near impossible. Indeed, I have first-hand experience of this sense of detachment. 
Slathered in sunscreen and insect repellent, clad in hip boots and a funny hat, and armed with 
scientific equipment, I am often given the “side-eye” by golfers on the course while entering the 
adjacent wetland to conduct water quality monitoring. Conversely, when I get out deep into the 
field with no sign of civilization within eyesight, it is often difficult to imagine the golf game 
taking place only several hundreds of yards away. But much of Long Island’s critical wetland 
habitat does exist adjacent to golf courses, marinas, recreational parks, residential developments, 
and other components of our built environment. For this reason, human activities are tied very 
closely to conditions of salt marsh ecosystems and therefore, comprehensive management 
strategies are essential and must include education and outreach components in their 
implementation. 
The movement to restore salt marsh habitat on Long Island and other Atlantic coast 
marsh locations impacted by human activities reflects historical shifts in cultural perspectives 
resulting from a process of balancing negative perceptions and positive values of salt marshes on 
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both an individual and societal level (Casagrande 29). Through extensive studies and research on 
salt marsh conditions and health, it is now understood that anthropogenic impacts associated with 
development were not beneficial, or more accurately, the ecological detriments that they caused 
far outweigh the perceived socio-economic benefits that these activities provided at the time. A 
greater appreciation of salt marshes ecosystems and the current desire to protect, conserve, and 
restore them now exists because positive socio-economic values now prevail over negative 
associations. Increasing environmental concern is attributed to a paradigm shift toward a more 
comprehensive ecological worldview and an appreciation of the interconnectedness of life. The 
future of salt marsh preservation and restoration will be determined by the persistence of the 
positive cultural perspectives, the level of knowledge and awareness among the public, and a 
growing acceptance of an ecological worldview.  
In “Communicating Climate Change: Closing the Science‐Action Gap” Suzanne Moser 
and Lisa Dilling indicate that the message of climate change is not currently being 
communicated well enough for sizable enough action to occur. The role of communication is “an 
essential means to link scientists, politicians and the public, and thus it can and should play an 
important and constructive role in enabling public engagement with climate change” (2). 
However, in many instances, climate communication fails if the information is not transmitted in 
certain ways and tailored to specific interests. Moser and Dilling suggest revising 
communication methods and laying a foundation for a new framework that incorporates the idea 
“that people in a democratic society are best served by actively engaging with an issue, making 
their voices and values heard, and contributing to the formulation of societal responses” (1). 
Using more participatory ways of communicating can significantly improve the exchange of 
ideas among stakeholders and bring a sense of care to the environment, the issues at hand, and 
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the desire for climate action. This same framework can be applied to engaging residents in 
wetland management and restoration.  Allowing for a dialogue and involvement through surveys, 
public meetings, education, and physical involvement in restoration activities (i.e. volunteer and 
school group participation) can foster a relationship to the value that coastal wetlands have for 
the communities interests, including coastal resiliency, which may significantly improve a 
project’s success and sustainability.  
Since human dimensions of society and economy not only shape our environment but are 
embedded within and inextricable from the biosphere (Figure 12), the work of connecting 
communities to coastal resilience must also rely on building more sustainable and resilient 
social-ecological systems. This can be achieved through assessments of how communities 
perceive the diverse interactions of biotic and abiotic components of the environment as well as 
human relations to the natural environment and relations between humans. Concerns with long-
term sustainability, resilience, and adaptive capacity have inspired the recent rapid growth in 
scientific studies and advanced scholarship of ecological and social dimensions, including 
examining and characterizing the structures of social-ecological networks and governance. 
Navigating challenges in describing and measuring interactions among the social and ecological 
components of systems in urban areas where the social and governance characteristics are many 
and the interactions are complex, is especially important when trying to identify and evaluate 







Figure 12. Society and economy embedded within the biosphere, as intertwined parts of the planet. (A) The 
biosphere serves as the foundation upon which prosperity of society and the development of the economy ultimately 
rest. (B) The economy is dependent on and operates within society, which in turn depends on and operates within 
the biosphere. In this understanding of social-ecological systems the economy and society must operate within the 
constraints of the biosphere. Source: Folke et al. 2016. 
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Extending from the highly populated western portion to the semi-rural East End with 
multiple levels of government and economic incongruence, Suffolk County encompasses a 
diverse range of social and ecological components and interactions. Suffolk County’s distinct 
coastal socio-ecological systems (communities) must be able to determine the sustainability 
outcomes appropriate to accommodate and improve essential functions for their complex 
dimensions while adapting in response to factors such as sea level rise, extreme weather events, 
and unexpected impacts resulting from climate change in order to be resilient (Romolini et al. 
2016; Folke et al. 2016; Masselink & Lazarus 2019). 
Outreach, awareness, and education are key components for both residents and managers 
to be informed on the obstacles and changes facing their community. A community-based 
approach to natural resource management engenders better conflict resolution, increased social 
justice, and promotes ecosystem-scale conservation (Bridges et al. 2008). The community as a 
whole must define targeted set points of preservation, restoration, management, and 
improvement of its essential basic structures, functions, and well-being. The social dimensions of 
“stakeholder relationships in resource management; social capital in collaborative planning; 
structure and effectiveness of networks facilitated by federal [state, and local] programs; and 
network governance of ecosystem services” (Romolini et.al 2016, 2) must then be examined in 
order to plan and implement environmental stewardship projects. Community-based integrated 
marsh management and restoration projects that highlight a mutual living interdependence 
between humans and the coastal environment could advance frameworks that integrate social and 
ecological dimensions, help to develop new ways of thinking on a socio-ecological scale, and 




CHAPTER 4: COMMUNITY ENGAGEMENT IN MASTIC-SHIRLEY 
 
The area of Mastic-Shirley, New York is an approximately 20-square-mile peninsular knob on 
Suffolk County’s South Shore encompassing the three hamlets of Mastic, Mastic Beach, and 
Shirley within the Town of Brookhaven and has a combined population of approximately 56,000 
residents (US Census Bureau). The tri-hamlet area is uniquely situated between the Carmans 
River and the Forge River which are major tributaries to the interconnected bays within the 
South Shore Estuary Reserve. The 10-mile long Carmans River is designated as a Scenic and 
Recreational River System by the State of New York (NYSDEC Rivers) and contains State-
designated Significant Coastal Fish and Wildlife (NYSDOS Habitats). The Forge River is a 
remnant stream bed cut through the southerly sloping glacial out-wash plain deposited during the 
Wisconsin glaciation and now functions as a small estuary. The Carmans River is considered to 
have minor impacts from nutrients from urban/storm runoff and residential septic systems as 
well as low dissolved oxygen levels (DECinfo locator). Only a few miles east of the Carmans, 
the Forge River is in much worse shape and is identified as impaired on the FINAL New York 
State 2018 Section 303(d) List of Impaired/TMDL Waters. The river/estuary is impacted by 
pollution from fecal coliforms and nitrogen from stormwater runoff and lingering impacts from 
historic duck farming operations. The Forge River suffers from severely low dissolved oxygen 
levels in areas of the waterbody resulting from the past agricultural use and the high oxygen 
demand in the river sediment (DECinfo locator; Section 303(d) List). 
Significant Federal, State, and County owned salt marsh habitat exists throughout the 
coastal community of Mastic-Shirley. At the mouth of the Carmans River is the 2,550-acre 
Werthiem National Wildlife Refuge where, as previously discussed, a successful long-term 
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integrated marsh management restoration project was completed. Where the Forge River opens 
into Moriches Bay, is tidal wetland habitat within the William Floyd Estate, located on the 
mainland of Long Island but which was authorized as an addition to Fire Island National 
Seashore. John Neck Tidal Wetlands located east of the William Floyd Parkway is New York 
State Department of Environmental Conservation designated and protected habitat. Just west of 
the parkway at Smith Point County Marina is salt marsh habitat managed by Suffolk County. 
While most of the current marsh resources are located on public lands, there is some marsh 
fringe along creeks and privately-owned property. These privately-owned and currently dry 
uplands represent potential areas for marsh expansion given future sea level rise scenarios. Other 
habitats throughout the Mastic-Shirley peninsula include salt shrub, shrubland, and maritime 
forest (TOB Mastic Beach Report). Diverse habitat in the area promotes wildlife richness, 
particularly during seasonal migrations. 
Mastic-Shirley is also sited within a diverse socio-economic community and includes the 
Poospatuck Reservation, home to the indigenous Unkechauge Nation population recognized 
under the Consolidated Laws of New York (Indian, Article 2, Section 2). The area is 
economically disadvantaged with many living in poverty and has a troubled reputation with parts 
“considered a borderline slum with shuttered houses, registered sex offenders, and absentee 
landlords” (Powell). Heading south toward the coastline, the landscape is one of sharp 
juxtapositions. Chain stores, fast food restaurants, and strip malls dominate William Floyd 
Parkway off the Long Island Expressway; a bleak business district dotted with empty 
commercial buildings exists along Neighborhood Road; while modest residential streets and dirt 
roads through beach grass give way to unbroken, gorgeous vistas over the water. The 
development of the Mastic-Shirley area may not have gotten the proper attention from planning 
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agencies, and the various levels of government were lacking in promoting the natural resources 
they controlled. Development plans envisioned by Walter T. Shirley, who gave his surname to 
the hamlet and whose company built 4,000 homes in the area, never came to realization after his 
death in 1963 (Reinholz). The community is one of the last frontiers on Long Island for 
affordable housing and there is much potential to improve the neighborhood, however a vicious 
cycle of truant landlords and careless tenants drives values down and perpetuates its 
downtrodden image.  
Properties in the Mastic-Shirley area are subjected to tidal flooding, high groundwater 
table conditions, and frequent inundation from storm surges. The low elevation of the peninsula, 
proximity to water on three sides, compounded by rising sea levels has brought further economic 
hardship to many Mastic-Shirley residents and caused environmental damage to the coastline. 
The area has long been of concern for Suffolk County and following a study completed in 1997 
by the Department of Planning entitled “Narrow Bay Floodplain Protection and Hazard 
Mitigation Plan,” the Mastic-Shirley Conservation Area was designated, wherein acquisition of 
environmentally sensitive vacant lands in the area would be prioritized under the County’s Open 
Space Preservation Program. 
The Mastic-Shirley Conservation Area has a medium and high residential density (Figure 
13) with many parcels merely 0.2-acres in size and homes serviced by antiquated septic and 
cesspool systems. Recent studies including Withers et al. (2014), Geary& Lucas (2019), and the 
Suffolk County Comprehensive Water Resources Management Plan (2015) link overwhelmed 
and failing septic systems to contamination of coastal estuarine systems. The Mastic-Shirley 
community was significantly impacted by Superstorm Sandy in 2012 when storm surge over 5-
feet flooded thousands of homes. The low lying unsewered properties were inundated by 
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floodwaters contaminated with raw sewage posing public health risks to residents and first 
responders as well as polluting the local environment. Superstorm Sandy financially impacted 
less affluent residents both in initial damages and recovery, and many homes remain unlivable 
and abandoned today.   
 
Figure 13. Mastic-Shirley Conservation Area land use map. Credit: Michael Selig, GIS Technician, Suffolk County 
Division of Planning & Environment. 
 
Following Superstorm Sandy, Suffolk County has pursued the acquisition of parcels in 
the Mastic-Shirley Conservation Area with zeal and in early 2019 a local law (SC LL 11-2019) 
was adopted by the County Legislature to further strengthen preservation of open space in the 
area. The law specifically requires that properties taken by Suffolk County for delinquent taxes 
in the designated Mastic-Shirley Conservation Area will not be offered for sale at public auction 
but will instead be retained by the County for open space preservation purposes in perpetuity. 
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The Mastic-Shirley Conservation Area boundary has also recently undergone reassessment and 
redelineation in 2020 (SC Reso. 897-2020). The previous boundary included 636.46-acres but 
after conducting a survey of residents reporting anecdotal instances of local flooding, the area 
has more than doubled in size. Inclusion of the already federally preserved 611.54-acre William 
Floyd Estate yields a total of 1,942.72-acres (Figure 14). The new area boundary considered 
storm surge heights based on the Sea, Lake, and Overland Surges from Hurricanes (SLOSH) 
model developed by the National Weather Service and includes most of SLOSH Zone 2 and 
some areas of Zones 3 and 4 (Figure 15). 
 
Figure 14. Mastic-Shirley Conservation Area redeliniation. Credit: Michael Selig, GIS Technician, Suffolk County 




Figure 15. Mastic-Shirley Conservation Area SLOSH Zone overlay. Credit: Michael Selig, GIS Technician, Suffolk 
County Division of Planning & Environment. 
 
 
The Town of Brookhaven has also taken action in this area with the implementation of an 
extensive buy-out program to acquire and remove homes located in high-risk flood areas as part 
of a managed retreat program. The expansion of the Mastic-Shirley Conservation Area and the 
Town’s buy-out program will reduce flood damage to property and risk to human lives by 
allowing the acquired properties to revert back to open space. Habitat created and restored to 
coastal salt marsh will act as a natural protective buffer from future storms and allow the 
ecosystem to absorb more floodwater. Currently dry properties that are acquired and preserved 
for open space could also serve as paths for upland marsh migration, providing significant flood-
mitigation and ecological benefit to the region. The programs will also help the County and 
Town deal with a proliferation of vacant homes caused by a persistent unsettled reputation, 
compounded by the recession of 2007-2008 and then later, the devastation caused by Superstorm 
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Sandy. Together these new policies will enhance the environmental value and ecosystem 
services of the Mastic-Shirley area while improving quality of life and raising property values.  
Buy-out programs often raise concerns about property tax revenue losses to 
municipalities’ local budgets. However, planned improvements to Mastic Beach’s blighted 
downtown business district along Neighborhood Road seek to offset residential property tax 
deficits by bringing commercial and tourism opportunities. Town officials envision a thriving 
and safe walkable downtown with a variety of businesses and access to recreational uses of the 
shorefront for Mastic Beach, similar to recently revitalized South Shore hubs of Patchogue and 
Bay Shore. Community members in attendance at the May 3, 2021 Mastic Beach Civic 
Association Meeting were agreeable and welcomed plans for downtown development, voicing 
that aesthetic and economic improvements to infrastructure and business to match the locally 
cherished waterfront environment are long overdue.  
The main hurdle for downtown revitalization for the Mastic-Shirley area is wastewater 
treatment. Sewering the Mastic-Shirley area has been a decades-long plan in the making, with 
local resolutions directing the Suffolk County Sewer Agency and the Department of Public 
Works to prepare evaluations and reports necessary to form a sewer district in the region dating 
back to 2008 (SC Reso. 284-2008; SC Reso. 369-2008). It recently appeared as though the plans 
would finally come to fruition as local officials assembled grants from federal and state sources 
but the most recent bids for construction in March 2021 came in too high to enable initiation of 
the project with the funding currently allocated (Spangler A2). Further hindering the sewering 
project in Mastic-Shirley is the many rental properties with hard-to-reach absentee landlords. By 
September of 2020, project designers had made as many as 10 site visits to homes to arrange 
inspections necessary to design sewer hook-ups however they received no response from 594 
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homeowners (Spangler A2). The delay of the sewering project for Mastic-Shirley is a step back 
on the persistent progress that County and Town officials have been working to make. But 
Brookhaven Town Councilman, Dan Panico, assured residents at the May 3
rd
 Civic Association 
Meeting that the Town is forging ahead with sewering plans. However, a long-term local resident 
voiced that Town politicians have been making unfulfilled promises about sewers for their area 
for the last several decades. 
The topic of sewering also raises questions, concerns, and confusion for residents about 
the recent push for I/A OWTS. In October of 2020 Suffolk County adopted resolution modifying 
the sanitary code to require “the use of an I/A OWTS as the means of onsite sewage disposal for 
new or expanded single-family residences and new other construction projects” (SC Reso. 702-
2020) in unsewered areas of the County, effective July 2021. This means that homeowners in the 
Mastic-Shirley area who intend to make improvements, such as raise their house to alleviate 
storm and tidal flooding issues to their property, must now also lay out the costs to replace their 
existing septic system with a Health Department approved I/A OWTS. Residents want to know 
why they would need to make such an upgrade if sewers will soon be available, and they also 
have concerns about the efficacy of I/A systems. For these reasons, community outreach, 
awareness, and education on the effectiveness and cost-benefit analyses of I/A OWTS upgrades 
are imperative. The Forge River Watershed Sewer Project is slated to be implemented in phases 
and the opportunity for expansion to the Neighborhood Road business district would not be 





Figure 16. Forge River Watershed Sewer Project Phases I-IV. Chamber of Commerce of the Mastics & Shirley.  
https://masticshirleychamber.org/2018/08/07/forge-river-watershed-sewer-project/  
 
Plans are also taking shape on a proposed 147-acre ecological restoration and managed 
retreat project for southern Mastic Beach (Figure 17). The project aims to restore the salt marsh 
ecosystem back to a natural floodplain while enhancing and connecting critical fish and wildlife 
habitat. Restoration of the salt marsh habitat will also help to reduce flooding to Mastic Beach, 
improving quality of life of residents. Less people may move out of the community leaving 
fewer abandoned homes blighting the neighborhood and reduced risk of flooding may lower 
insurance premiums, financially aiding the many Mastic residents who live in poverty. 
Importantly, the salt marsh restoration project would protect the health and safety of residents 




Figure 17. Conceptual design for Mastic Beach Ecological Restoration. Town of Brookhaven. 
 
Currently, almost two thirds of the low-lying project area is less than two feet in elevation 
with Federal Emergency Management Administration (FEMA) designations of high-risk 
flooding Zone AE and Zone VE (TOB Mastic Beach Report). The coastal perimeter of the 
project is bordered by Riviera Drive, a raised dirt road with heavily compacted soil, that prevents 
tidal waters from receding and heavy rainwater from naturally flowing into the bay causing 
ponding in interior areas of the community. Tidal action and storm damage have eroded portions 
of the road causing unsafe driving conditions for residents and first responders. Compounding 
the flooding issues at the location are approximately 11,601 linear feet of straight, steep sided 
mosquito ditches that accumulate stagnant water and prevent natural drainage (TOB Mastic 
Beach Report). Consequently, the road must be removed, and the mosquito ditches reconfigured 
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in certain places to more natural meandering tidal channels in order to address the localized 
flooding issues. The restoration of the project area would have immediate and long-term benefits 
to the salt marsh ecosystem and the community. The project would also better protect the Mastic-
Shirley peninsula from sea level rise since a healthy salt marsh system would improve the tidal 
hydrology and allow the natural flow of water to flood and recede. Improved hydrology enables 
the salt marsh ecosystem to better withstand sea level rise and improves the potential for the 
marshland to migrate inland. 
However, some residents have concerns that the proposed project design plans will 
alienate them from the parkland since currently they utilize the dirt road, Riviera Drive, for 
walking and driving to nature viewing and fishing access sites. While an initial project goal was 
to provide greater public access to the marshlands via installation of raised boardwalks, early 
community engagement highlighted the importance of access to specific, locally important 
waterfront locations. The project design now aims to determine the potential locations and 
feasibility of the boardwalk installation component with greater community input. This illustrates 
that communication between project managers and the community needs to be frequent and 
transparent.  
The Town of Brookhaven and its partners in this large-scale ecological restoration and 
managed retreat project are fully dedicated to a community-based approach for planning and 
implementation. Managers recognize that public participation in the project is critical for social 
justice and conflict resolution, and also to inform stakeholders of the scientific reasons behind 
the selected design plans such as current and projected sea level rise as well as the area’s 
hydrology and ecology. Communication of implementation methods and lessons learned from 
previous restoration projects in the region could ease skepticism while also providing a 
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framework for community education and participation in salt marsh management and protection 
for the Mastic-Shirley area. Abundant opportunities for volunteer and school groups to be 
involved at various stages of the project include beach and wetland clean-up events, seed 
collections and native plantings, species identification and surveys, and water quality data 
collection at vital estuarine connections. Providing recreational access through designated canoe, 
kayak, and paddle board launching sites and interpretative materials along boardwalks and nature 
paths can underscore the importance of the restored tidal wetland system and critical ecosystem 
services it provides, while creating a sense of care for and inclusion within the natural 



















The scientific evidence that global climate change and sea level rise is currently happening and 
will continue into our future is quite clear. The Intergovernmental Panel on Climate Change 
concluded in their Sixth Assessment Report issued in August 2021 that humans have heated the 
planet by approximately 2 degrees Fahrenheit since the 19
th
 century and, even if nations started 
sharply cutting emissions now, the Earth will likely see a rise of nearly 3 degrees Fahrenheit and 
a significant increase in extreme weather within the next few decades (Plumer & Fountain). 
Despite the presence of 139 elected officials currently serving in U.S. Congress who are “climate 
deniers” who refuse to acknowledge the scientific evidence of human-caused climate change 
(Drennen & Hardin) and the sections of the population who share similar views, there is a critical 
need for scientists, managers, and informed, fervent community members to come together to 
have discussions and planning sessions on local and broader scales. The changes happening 
within communities at landscape, ecological, social, and economic levels due to the impacts of 
climate change and sea level rise cannot be ignored in order to perpetuate a comfortable status 
quo any longer.  
Coastal communities must be at the forefront in raising awareness and summoning 
innovation in resiliency and sustainability planning because we are the most vulnerable to effects 
of sea level rise and climate change. Not only do coastal communities comprise landscape and 
ecological features that are more susceptible to flooding and erosion, but they also contain the 
highest concentrations of human populations, compounding public health risks in the face of 
more frequent and extreme weather events. Wetlands are invaluable to coastal communities since 
they provide a multitude of ecosystem services including the critical protection of coastal 
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communities from storms that are becoming more numerous and intense due to climate change. 
Cultural attitudes and values of wetlands have changed dramatically over time but we are now at 
a place where exciting new efforts to restore tidal marsh habitats are underway and innovations 
in stormwater and wastewater management and treatment are gaining more traction (PlaNYC 
Progress Report).   
Environmental stewardship initiatives are crucial for the resilience and sustainability of 
coastal communities and the planet. Stewardship of our vital coastal marsh habitats entails 
looking beyond disciplinary boundaries and technical approaches to engage a variety of 
stakeholders in order to find appropriate solutions to complex problems. The goals of integrated 
marsh management incorporate visions of environmental stewardship and restoration to preserve 
and promote the healthy ecological functioning of marshes as well as to benefit human 
populations that rely on marsh services for coastal resiliency, estuarine dependent business, and 
well-being. Connecting communities to coastal resilience begins by experiencing nature and 
gaining insight and knowledge on the social and ecological significance that wetland habitats 
contribute to their livelihoods. Forming better human connections to nature by getting outdoors 
to participate in marsh management and restoration activities is especially crucial in our current, 
persistent COVID-19 pandemic culture, in which many people are spending much more of their 
time on computers, cellphones, and socially isolated. 
In view of the current epoch in Earth history that geologists are now referring to as the 
Anthropocene, it is more important than ever to reevaluate and reforge human-Earth relations in 
order to build more resilient and sustainable and social-ecological systems. Achieving these 
goals requires a paradigm shift to the acceptance of humanity as embedded within and affected 
by the biosphere rather than controlling it. Perhaps we can gain insight on how to form an 
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ecological consciousness from examining the interconnected mechanisms and networks essential 
for the functioning of a healthy salt marsh ecosystem. By understanding how human relations are 
embedded in the fate of estuarine ecology we can translate those relations into a larger and more 
comprehensive ecological world view. In formulations of new patterns of production, 
reproduction, and consciousness we can begin to imagine how to use our unique human 
creativity to transform worlds around us through innovative environmental stewardship 
initiatives as we look toward the future of our planet.  
Examining and building the social-ecological networks required for diverse communities 
to form connections to nature, become better stewards of the environment, and in turn more 
resilient and sustainable involves a complex assemblage of public, private, and civil society 
actors that underscore multi-purpose governance which is especially challenging for urban 
coastal areas. The evolution of sustainability planning in New York City from the 2011 PlaNYC: 
A Greener, Greater New York to the OneNYC 2050: Building a Strong and Fair City plan 
released in 2019 is a prime example of how including public participation in the consideration 
and integration of the important challenges facing our natural and built environments with the 
socio-economic needs of communities can identify and construct insightful solutions for a better 
future. Creating local watershed-scale resiliency plans that bring community participation and 
diverse needs to the forefront, as in the Mastic-Shirley case study, can better ensure that projects 
are implemented, successful, and sustainable. 
Cultivating community engagement with wetland protection, management, and 
restoration efforts importantly needs to focus on creating an open dialogue between scientists, 
government, and the public. Constraints for a community-based approach to restoration include 
lack of awareness and comprehension of project goals, uncertainty of the science, and distrust of 
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outside decision makers (Bridges et al. 2008). Communities especially need to be persuaded that 
a series of incremental actions and behavioral changes that they are themselves capable of 
carrying out has the potential to accomplish significant benefits to the coastal environment which 
we are embedded in. The incorporation of in-field education and volunteer activities as well as 
recreational opportunities is essential to create a sense of place and can, in turn, bring a sense of 
care to the environment. In these ways new frameworks for environmental stewardship could be 
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